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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent seizure with a piston 
and prevent the worsening of fuel consumption and the 
deterioration of oil. 

SOLUTION: This cylinder sleeve is formed by using as a sleeve 
substrate a liquid quenched powder solidified and extruded 
material having a chemical composition consisting of 15-38 wt.% 
silicon(Si) added to an aluminum alloy, thus making the linear 
expansion coefficient of the sleeve smaller than that of a 
cylinder body without marring heat conductivity, machinability 
and plating property. A cylinder block 2 for an internal 
combustion engine is formed by casting the sleeve 3 made of an 
aluminum alloy into the cylinder body 2a made of an aluminum 
alloy, wherein the linear expansion coefficient of the sleeve 3 is 
smaller than that of the cylinder body, therefore providing good 
heat transfer from the sleeve to the cylinder body and . 
preventing the seizure with the piston without lowering sleeve 
fastening force during coagulation and contraction and thermal 

contraction after coagulation at the cylinder body side. 4 5 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cylinder sleeve characterized by forming in the end of rapidly solidified powder it has the 
chemical composition which added 15 - 38% of the weight of silicon (Si) to the aluminum alloy in a 
sleeve base material using a solidification extrusion formation ingredient. 

[Claim 2] The cylinder block for internal combustion engines which is a cylinder block for internal 
combustion engines which cast-wrapped the sleeve made from an aluminium alloy in the cylinder body 
made from aluminium alloy casting, and is characterized by making coefficient of linear expansion of said 
sleeve smaller than the coefficient of linear expansion of a cylinder body. 

[Claim 3] The cylinder block for internal combustion engines according to claim 2 characterized by 
making coefficient of linear expansion of said sleeve into a value smaller at least 10% than the 
coefficient of linear expansion of a cylinder body. 

[Claim 4] The cylinder block for internal combustion engines according to claim 2 or 3 characterized by 
making the aluminum alloy which constitutes said sleeve contain silicon (Si) 15 to 38% of the weight. 
[Claim 5] The cylinder block for internal combustion engines according to claim 4 characterized by using 
said silicon (Si) as the primary phase silicon (Si) whose mean particle diameter is 2-10 micrometers. 
[Claim 6] The cylinder block for internal combustion engines given in any 1 term of claim 2 characterized 
by having carried out condensation solidification and forming the aluminum alloy powder whose mean 
particle diameter is 20-100 micrometers about said sleeve thru/or claim 5. 

[Claim 7] The internal combustion engine characterized by having contained, the piston possible 
[ reciprocation ] and making coefficient of linear expansion of this piston larger than the coefficient of 
linear expansion of a sleeve into the cylinder of the cylinder block for internal combustion engines 
according to claim 2 to 6. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an internal combustion engine at a cylinder sleeve and 

the cylinder block list for internal combustion engines. 

[0002] 

[Description of the Prior Art] There are some which equip an internal combustion engine with the 
cylinder block for internal combustion engines which manufactures it inside as performs predetermined 
plating to the sleeve inner surface which cast-wraps the sleeve made from an aluminium alloy in the 
cylinder body made from aluminium alloy casting, and the cylinder block for internal combustion engines 
is an important element which forms a high performance engine with lightweight and good thermal 
conductivity. 

[0003] The sleeve made from the aluminium alloy with which it cast-wraps this cylinder block for 
internal combustion engines was performing and manufacturing predetermined processing to for 
example, a casting pipe or continuous casting extrusion pipe material. 

[0004] Moreover, ingredients, such as 1 2Si-3Cu-aluminum material, were conventionally used for sleeve 
material. In the case of good metal mold casting of fluidity, a cylinder body is JIS. In die-casting 
manufactures, such as AC2B, it is JIS. The good ingredient of fluidity, such as ADC12 material, was 
used. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, when it cast— wraps the sleeve made from an 
aluminium alloy in the cylinder body of aluminium alloy casting, while the molten metal by the side of a 
cylinder body encloses on the periphery of a sleeve, a sleeve is heated and it is expanded thermally, a 
cylinder body follows on being cooled gradually the **** back, and cools and carries out the heat shrink 
also of the sleeve. It contracts, when carrying out cooling coagulation, and further, temperature follows 
the molten metal by the side of a cylinder body on falling, and carries out a heat shrink. If the coefficient 
of linear expansion of a sleeve is high, the sleeve bolting force by the solidification shrinkage by the side 
of a cylinder body and the heat shrink after coagulation will be eased. 

[0006] Moreover, also in an internal combustion engine's operational status, the temperature of a sleeve 
becomes lower than the temperature (value near the melting temperature of an aluminum alloy) when 
cast-wrapping (since air cooling and water cooling are made, it is 100 degrees C - about 300 degrees 
C). In an internal combustion engine, if the coefficient of linear expansion of a sleeve is high, the sleeve 
bolting force is eased and a clearance may occur between cylinder bodies. Between this cylinder body, 
heat transfer from a sleeve to a cylinder-body side is checked, and hot-spot-izes in a clearance, and 
printing by the piston occurs. 

[0007] Moreover, if an internal combustion engine is operated after attaching a crankshaft, a piston, etc. 
to a cylinder block, carrying out bolt conclusion of the cylinder head further, assembling as an internal 
combustion engine and completing even if it performs predetermined plating after casting ****** 
(ordinary temperature condition), it carries out honing and it raises the cylindricity of sleeve inner 
circumference, and roundness, a sleeve expands thermally. While rigidity goes up the circumference of 
the bolthole of the plurality of the cylinder body of a sleeve periphery with which bolt conclusion of the 
cylinder head is carried out at this time and thermal expansion is resisted, since the resistance over 
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thermal expansion is small, if the cylinder body used as the pars intermedia of the bolthole of a sleeve 
periphery has a high coefficient of linear expansion of a sleeve, the cylindricity of sleeve inner 
circumference and roundness will not be maintained, but the isolation nature of the combustion chamber 
and crank case by the piston ring falls, and buildup of oil consumption, the fuel consumption aggravation 
by the blow by of combustion gas, and oil degradation break out 

[0008] This invention aims at providing with an internal combustion engine the cylinder sleeve which it 
was made in view of this actual condition, and printing by the piston is prevented, and can prevent fuel 
consumption aggravation and oil degradation, and the cylinder block list for internal combustion engines. 
[0009] 

[Means for Solving the Problem] In order to solve said technical problem and to attain the object, this 
invention was constituted as follows. 

[0010] invention according to claim 1 — " — cylinder sleeve characterized by forming in the end of 
rapidly solidified powder it has the chemical composition which added 15 - 38% of the weight of silicon 
(Si) to the aluminum alloy in a sleeve base material using a solidification extrusion formation ingredient. " 
— it is . 

[0011] According to invention according to claim 1, thermal conductivity, workability, and plating nature 
are not spoiled and coefficient of linear expansion of a sleeve is made to a value smaller at least 10% 
than the coefficient of linear expansion of a cylinder body. 

[0012] invention according to claim 2 — " — cylinder block for internal combustion engines which is a 
cylinder block for internal combustion engines which cast-wrapped the sleeve made from an aluminium 
alloy in thie cylinder body made from aluminium alloy casting, and is characterized by making coefficient 
of linear expansion of said sleeve smaller than the coefficient of linear expansion of a cylinder body. " — 
it is . 

[0013] According to invention according to claim 2, since the coefficient of linear expansion of a sleeve 
is smaller than the coefficient of linear expansion of a cylinder body, the sleeve bolting force by the 
solidification shrinkage by the side of a cylinder body and the heat shrink after coagulation does not 
decline, a clearance is lost between a sleeve and a cylinder body, heat transfer from a sleeve to a 
cylinder-body side can be good, and can hot-spot-ize, and printing by the piston can be prevented. 
[0014] invention according to claim 3 — " — cylinder block for internal combustion engines according 
to claim 2 characterized by making coefficient of linear expansion of said sleeve into a value smaller at 
least 10% than the coefficient of linear expansion of a cylinder body. " — it is . 
[0015] According to invention according to claim 3, the sleeve bolting force by the solidification 
shrinkage by the side of a cylinder body and the heat shrink after coagulation does not decline more by 
having made coefficient of linear expansion of a sleeve into the value smaller at least 10% than the 
coefficient of linear expansion of a cylinder body, and a clearance is further lost between a sleeve and a 
cylinder body. 

[0016] invention according to claim 4 — " — cylinder block for internal combustion engines according 
to claim 2 or 3 characterized by making the aluminum alloy which constitutes said sleeve contain silicon 
(Si) 15 to 38% of the weight. " — it is . 

[0017] According to invention according to claim 4, by making the aluminium alloy which constitutes a 
sleeve contain silicon (Si) 15 to 38% of the weight, coefficient of. linear expansion of a sleeve can be 
made small, and, moreover, thermal conductivity, workability, and plating nature are not spoiled. 
[0018] invention according to claim 5 — " — cylinder block for internal combustion engines according 
to claim 4 characterized by using said silicon (Si) as the primary phase silicon (Si) whose mean particle 
diameter is 2-10 micrometers. " — it is . 

[0019] According to invention according to claim 5, by using silicon (Si) as the primary phase silicon (Si) 
whose mean diameter is 2-10 micrometers, coefficient of linear expansion of a sleeve can be made 
smaller, and, moreover, thermal conductivity, workability, and plating nature are not spoiled. 
[0020] invention according to claim 6 — " — cylinder block for internal, combustion engines given in any 
1 term of claim 2 characterized by having carried out condensation solidification and forming the 
aluminum alloy powder whose mean particle diameter is 20-100 micrometers about said sleeve thru/or 
claim 5. " — it is . 

[0021] According to invention according to claim 6, by carrying out condensation solidification and 
forming the end of an aluminum alloy powder whose mean particle diameter is 20-100 micrometers 
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about a sleeve, coefficient of linear expansion of a sleeve can be made smaller, and, moreover, thermal 
conductivity, workability, and plating nature are not spoiled. 

[0022] invention according to claim 7 — " — internal combustion engine characterized by having 
contained the piston possible [ reciprocation ] and making coefficient of linear expansion of this piston 
larger than the coefficient of linear expansion of a sleeve into the cylinder of the cylinder block for 
internal combustion engines according to claim 2 to 6. " — it is . 

[0023] According to invention according to claim 7, in addition to claim 2 thru/or claim 6, the cylindricity 
of sleeve inner circumference and roundness can be maintained, the isolation nature of the combustion 
chamber and crank case by the piston ring can improve, and buildup of oil consumption, the fuel 
consumption aggravation by the blow by of combustion gas, and oil degradation can be prevented by 
making coefficient of linear expansion of a piston larger than the coefficient of linear expansion of a 
sleeve. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of an internal combustion engine is 
explained to the cylinder sleeve of this invention, and the cylinder block list for internal combustion 
engines based on a drawing. 

[0025] This invention is applied to the water cooling type or the air-cooled four-cycle internal 

combustion engine, and two-cycle internal combustion engine having the cylinder block for internal 

combustion engines, and a sleeve is applied to wet structure or dry construction. 

[0026] It is the sectional view where drawing 1 meets .a water cooling type four-cycle internal 

combustion engine's sectional view, and drawing 2 meets the II — II line of drawing 1 . 

[0027] As this internal combustion engine's example, although a sleeve shows the water cooling type 

four-cycle internal combustion engine of dry construction to drawing 1 and drawin g 2 , this invention is 

not limited to the gestalt of this operation. 

[0028] As for the four stroke cycle engine 1 of a car, a serial 4-cylinder engine is used. The cylinder 
block 2 of a four stroke cycle engine 1 consists of cylinder-body 2a and a sleeve 3, and is formed in this 
sleeve 3 possible [ reciprocation of a piston 4 ]. The crankshaft which has been arranged through a 
connecting rod 5 in the crank case 7 by reciprocation of this piston 4 and which is not illustrated 
rotates. The cylinder head 6 is formed in a cylinder block 2, and it is fixed to the cylinder block 2 with 
the bundle with the bolt 8. Piston ring 4b is prepared in the piston 4. The cylinder-head cover 80 is 
formed in the cylinder head 6. 

[0029] The combustion chamber 12 is formed by head 4a of the sleeve 3 of a cylinder block 2, and a 
piston 4, and the cylinder head 6. The ignition plug 86 is attached in the cylinder head 6 so that a 
combustion chamber 1 2 may be attended. 

[0030] Moreover, the inhalation-of-air path 13 and a flueway 14 are formed in the cylinder head 6, and 
the set inlet pipe 15 is connected to the inhalation-of-air path 13. Moreover, an exhaust manifold 16 is 
connected to a flueway 14. 

[0031] Opening which attends the combustion chamber 12 of the inhalation-of-air path 13 is opened 
and closed by the inlet valve 18, and opening which attends the combustion chamber 12 of a flueway 14 
is opened and closed with an exhaust valve 19. The cams 32a and 33a of cam shafts 32 and 33 have 
contacted, to the tappets 30 and 31 of an inlet valve 18 and an exhaust valve 19, Cams 32a and 33a 
push an inlet valve 18 and an exhaust valve 19 through tappets 30 and 31, and, thereby, the inhalation- 
of-air path 13 and a flueway 14 are opened to them by revolution of cam shafts 32 and 33 and closed. 
[0032] A water jacket 20 is formed in cylinder-body 2a of a cylinder block 2, it is open for free passage 
to this water jacket 20, and the water jacket 21 is formed in the cylinder head 6. The surroundings of a 
combustion chamber 12 are cooled with the cooling water of these water jackets 20 and 21, and a 
sleeve 3 is dry construction. 

[0033] While a sleeve shows the water cooling type four-cycle internal combustion engine of wet 

structure to dra wing 3 and cooling the surroundings of a combustion chamber 12 with the cooling water 

of a water jacket 20, a sleeve 3 is directly cooled with cooling water. The seal of O ring 85 is prepared 

and carried out to the lower part of a water jacket 20 between cylinder-body 2a and a sleeve 3. 

[0034] Next, manufacture of the cylinder block for internal combustion engines is explained. Drawin g 4 is 

drawing showing the production process of the cylinder block for internal combustion engines. 

[0035] An ingredient is formed in the end of rapidly solidified powder (step S1), the cold isostatic press 
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of the ingredient is carried out in this end of rapidly solidified powder, and vacuum sintering of the 
sleeve raw material (billet) is fabricated and (step S2) carried out (step S3). Then, it extrudes between 
heating and heat, and sleeve hollow ****** is formed and it cools (step S4). It heat-treats if needed, 
this sleeve hollow ****** is cut and processed (step S5), and a sleeve 3 is formed. This sleeve 3 is 
cast-wrapped in cylinder-body 2a (step S6), and the honing process of annealing (step S7) and the 
plating is performed and (step S8) carried out (step S9). 

[0036] An ingredient prepares the ingot of the aluminum alloy which made the component of silicon (Si), 
iron (Fe), and others contain to the base material of aluminum (A1) in the end of rapidly solidified powder 
in step SI. After dissolving this above about 700 degrees C, it sprinkles in the shape of a fog, and forms 
as the rapidly-solidified-powder end of an aluminum alloy (powder metal) by the cold or making it solidify 
by carrying out rapidly the cooling rate of 100 degrees C / above sec. 

[0037] The rapidly-solidified-powder end of an aluminum alloy which contains the silicon (Si) whose 
mean particle diameter of primary phase silicon is 2-10 micrometers or less in 15 - 38% of the weight of 
the range, for example as an aluminum alloy powder ingredient for forming a sleeve raw material (billet) 
is used. 

[0038] As the rapidly-solidified-powder end of such an aluminum alloy, aluminum (aluminum) is used as a 
base material, it is about silicon (Si) and there are some which contain chromium (Cr) 0.4 or less % of 
the weight 1 .5 or less % of the weight, and contain [ copper (Cu) / 6.8 or less % of the weight and 
magnesium (Mg) ] zinc (Zn) for 0.2 - 2 % of the weight and manganese (Mn) in 0.3 or less % of the weight 
of the range in the whole 1.5 or less % of the weight about iron (Fe) 15 to 38% of the weight. 
[0039] In the component in the rapidly-solidified-powder end of the aluminium alloy which was made to 
increase Si content based on the base of No. 2000 of a convention to such JIS, or the aluminium alloy 
of 6000, and was made into 15 - 38 % of the weight Silicon (Si) is added in order to raise abrasion 
resistance and an antiseizure property by making the silicon grain of a hard primary phase or an eutectic 
crystallize all over a metal texture. Iron (Fe) It is added in order to carry out dispersion strengthening of 
the metal texture and to obtain high reinforcement above 200 degrees C. Moreover, copper (Cu) and 
magnesium (Mg) It is added in order to raise the reinforcement in 200 degrees C or less, and about 
those additions, abrasion resistance, a desired antiseizure property, and desired elevated temperature 
and required reinforcement can be obtained in the aforementioned range. 

[0040] For the sleeve raw material which solidified the rapidly-solidified-powder end of the above 
aluminium alloys Since disintegration is carried out by sprinkling the dissolved aluminum alloy in the 
shape of a fog, and carrying out rapid solidification, The silicon (Si) which aluminum alloy powder is set 
to about about 20-100 micrometers with mean particle diameter, and is contained in it Carrying out 
disintegration, mean particle diameter is made detailed so that it may be set to 2-10 micrometers, and 
the hard primary phase silicon (Si) made to crystallize all over the metal texture of the aluminum alloy to 
solidify is distributed for every aluminum alloy particle. 

[0041] on the other hand in step S2, it is — it is — the hydrostatic-pressure press which carries out 
the load of the hydrostatic pressure to a plunger is carried out inserting a plunger into a mold from a 
clear aperture, and maintaining a plunger and a mold at a watertight condition after an appropriate time 
putting and carrying out degassing of the end material of rapidly solidified powder of the above- 
mentioned aluminium alloy into the mold which has a clear aperture in the direction of plurality, and an 
ingredient is hardened in the end of rapidly solidified powder. 

[0042] a step — S — three — setting — beforehand — hardening — carrying out — having had — 
rapidly solidified powder — an end — an ingredient — sintering — a mold — inside — holding — having 
— a mold — the interior — vacuum suction — carrying out — having — while — heating — application 
of pressure — carrying out — having — mixing of air — almost — there is nothing — rather than — a 
precise solid lump — carrying out — having . 

[0043] in step S4, a solid lump is held in an extrusion mold and it heats — having — the mouthpiece of 
an extrusion mold • — it extrudes, the shape of the round bar, i.e., hollow ******, in the air, it is cut from 
the section in the cooled part, and considers as the hollow round bar of predetermined length. In 
addition, in this step S4, the parameter on a process is adjusted so that it may become 40 or more 
Rockwell hardness (HRB) about the degree of hardness of sleeve hollow ****** after extrusion and 
cooling. 

[0044] in step S5, it is cut by sleeve raw material die length, and an inside-and-outside form and an 
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edge process it — having — cast-wrapping — business — a sleeve is formed. 

[0045] cylinder-body 2a of the sleeve 3 in step S6 — cast-wrapping — cylinder die-casting shaping 
which cast-wraps a sleeve 3 is carried out. this case — cast-wrapping — a sleeve 3 is held in metal 
mold, and it is in the condition which supported a part of sleeve inner circumference by supporter 
material, and carries out by leading the molten metal of a predetermined aluminum alloy to the opening 
between metal mold and a sleeve periphery with high voltage. And each part of a cylinder block 2 and 
machining of a cylinder bore are carried out. 

[0046] Even if it binds tight by the difference between the base material under operation, and the 
coefficient of thermal expansion of a sleeve and the force declines by a sleeve's cast-wrapping and 
forming irregularity in front at a sleeve peripheral face, the omission of a sleeve can be prevented 
certainly. The irregularity of such a sleeve peripheral face can be formed with pickling (etching) of other 
machining or the whole sleeve etc. besides shot blasting. Moreover, it replaces with the approach of 
forming irregularity in a sleeve periphery with shot blasting etc., and raising junction nature with a base 
material, a sleeve and a base material are joined using low-melt point point solder, and it is 
[ prevention / of a sleeve / omission ] good in drawing. 

[0047] Shot blasting means what a shot [ whose particle size is 50-150 micrometers ], superhard bead, 
and stainless steel ball, a zinc bead, a glass bead, and particle size are projection machines about the 
river sand containing many a little larger quartzes etc., for example, projects a work piece at the 
projection rate of 40 - 80 m/s here. 

[0048] Annealing is carried out in step S7. Heat treatment conditions are adjusted so that it may 
become 40 or more Rockwell hardness (HRB) about the degree of hardness of the sleeve 3 after this 
annealing. 

[0049] The plating processing in step S8 is plating of a sleeve inner surface, and consists of five 
processes of pretreatment which consists of cleaning processing, alkali etching processing, and mixed- 
acid etching processing, alumite processing of surface treatment, and compound plating processing 
fundamentally, and rinsing processing is performed after each process. 

[0050] And while performing honing to the deposit of sleeve inner skin by honing (step S9) after the 
above plating processing (step S8) and setting thickness of a plating coat to 20 micrometers - 100 
micrometers desirably depending on about 50 micrometers and the case, field granularity of a deposit is 
made below into LOmicromRz. While being able to smooth a deposit front face certainly by this and 
being able to make small coefficient of friction at the time of sliding of a piston 4 and piston ring 4b, the 
holdout of an engine oil can improve and lubricity can be raised. In addition, it is set to B0601 of JIS in 
Rz. 

[0051] An ingot extruded material is used for the conventional sleeve base material, and this ingot 
extruded material has a comparatively low silicone content in it. In the process which a coefficient of 
thermal expansion is equivalent to the aluminium cast ingredient of a surrounding cylinder body, or is 
less than [ it ], and cast material solidifies in case this cylinder block is manufactured and a sleeve base 
material is cast with an aluminum die casting That a clearance is generated between a sleeve base 
material and an aluminium cast, for this reason the precision at the time of the bore grinding process in 
an after process gets worse to ** Li and a pan existence of a clearance Since thermal conductivity 
worsens selectively, aggravation of configurations, such as cylindricity of a sleeve and roundness, is 
caused and it has become buildup of an oil consumption, and the cause of degradation of the engine 
performance. 

[0052] Thus, with the aluminum alloy casting which made the silicon (Si) content 15 - 38 % of the 
weight, although formation ****** is effective between a sleeve base material and an aluminium cast 
because a clearance does not make it generated, a sleeve 3 In the usual cast material, since a primary 
phase Si grain is set to several 10 micrometers or more, even if it is going to form a plating layer in a 
front face, it not only may produce plating exfoliation at the time of processing, but adhesion is bad and 
sufficient endurance, such as producing plating exfoliation also during operation, is not acquired. 
[0053] For this reason, a sleeve 3 is that mean particle diameter carries out condensation solidification, 
and forms the aluminum alloy powder which is 20-100 micrometers, and is using this silicon (Si) as the 
primary phase silicon (Si) whose mean particle diameter is 2-10 micrometers. Moreover, the aluminum 
alloy which constitutes a sleeve 3 is made to contain silicon (Si) 15 to 38% of the weight, as described 
above, coefficient of linear expansion of a sleeve 3 is set to 15-22 (at 200 degrees C), it considers 
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smaller than the coefficient of linear expansion of cylinder-body 2a (for example, coefficient of linear 
expansion 20 (at 200 degrees C) of aluminum alloy ADC12 for JIS die casting), and coefficient of linear 
expansion of a sleeve 3 is made into the value smaller at least 10% than the coefficient of linear 
expansion of cylinder-body 2a. 

[0054] Therefore, when the sleeve 3 made from an aluminium alloy is cast-wrapped in cylinder-body 2a 
of aluminium alloy casting, While the molten metal by the side of cylinder-body 2a encloses on the 
periphery of a sleeve 3, and a sleeve 3 is heated and expanding thermally Cylinder-body 2a follows on 
being cooled gradually the **** back, and cools and carries out the heat shrink also of the sleeve 3, 
when carrying out cooling coagulation, contract the molten metal by the side of cylinder-body 2a, and 
further, temperature follows on falling, and although a heat shrink is carried out Silicon (Si) is made to 
contain 15 to 38% of the weight, and it is a value smaller at least 10% than the coefficient of linear 
expansion of cylinder-body 2a about the coefficient of linear expansion of a sleeve 3. The sleeve bolting 
force by the solidification shrinkage by the side of cylinder-body 2a and the heat shrink after 
coagulation is not eased, and a clearance is not generated between a sleeve 3 and cylinder-body 2a. 
[0055] Moreover, it forms with extrusion in the end of rapidly solidified powder it has the chemical 
composition which added silicon (Si) to the aluminum alloy in a sleeve base material using a solidification 
extrusion formation ingredient. By adjusting this extrusion condition, for example, an extrusion rate, 
temperature, etc., the hollow round bar, Form the continuous projection parallel to the die-length 
direction with a height of 0.1 -2mm, or it reaches. Even after distributing uniformly a minute crack with a 
depth of 10 micrometers - 1mm over a front face and processing it into a sleeve, on a periphery front 
face, by a projection or reaching and leaving a minute crack, junction to cylinder-body 2a can be 
strengthened, and transfer of heat can be made into homogeneity. 

[0056] Moreover, it is although the temperature of a sleeve 3 becomes lower than the temperature 
(value near the melting temperature of an aluminum alloy) when cast-wrapping also in operational status 
(since air cooling and water cooling are made). 100 degrees C - about 300 degrees C and silicon (Si) are 
made to contain 15 to 38% of the weight. It is a value smaller at least 10% than the coefficient of linear 
expansion of cylinder-body 2a about the coefficient of linear expansion of a sleeve 3. The sleeve bolting 
force is maintained and a clearance does not occur between a sleeve 3 and cylinder-body 2a. The 
cylindricity of sleeve inner circumference and roundness are maintained, heat transfer from a sleeve 3 
to a cylinder-body side can be good, and can hot-spot-ize, and printing by the piston 4 can be 
prevented. 

[0057] Predetermined plating is performed after casting ****** (ordinary temperature condition), and 
honing is carried out. Moreover, the cylindricity of sleeve 3 inner circumference, If an internal 
combustion engine is operated after raise roundness, attaching a crankshaft, a piston, etc. to a cylinder 
block 2, concluding the cylinder head 6 with a bolt 8 further, assembling as an internal combustion 
engine and completing A sleeve 3 expands thermally and rigidity goes up the circumference of two or 
more boltholes of the cylinder body 2 of a sleeve periphery with which bolt conclusion of the cylinder 
head 6 is carried out at this time. Although the resistance over thermal expansion of cylinder-body 2a 
used as the pars intermedia of the bolthole of a sleeve periphery is small while resisting thermal 
expansion Silicon (Si) is made to contain 15 to 35% of the weight, and it is a value smaller at least 10% 
than the coefficient of linear expansion of cylinder-body 2a about the coefficient of linear expansion of a 
sleeve 3. The sleeve 3 of thermal expansion is small, the cylindricity of sleeve inner circumference and 
roundness can be maintained, the isolation nature of the combustion chamber 12 and crank case 7 by 
piston ring 4b can improve, and buildup of oil consumption, the fuel consumption aggravation by the blow 
by of combustion gas, and oil degradation can be prevented. 

[0058] Moreover, it not only can prevent a clearance from being generated between a sleeve 3 and 
cylinder-body 2a, but the adhesion of plating is securable. In the alkali etching process which is 
pretreatment of plating, since silicon (Si) particle size is sufficiently as small as 2-10 micrometers, this 
is because the deposit of nickel-P plating is not checked. 

[0059] Thus, the aluminum alloy which constitutes a sleeve 3 from invention is made to contain silicon 
(Si). By using this silicon (Si) as the primary phase silicon (Si) whose average grain size is 2-10 
micrometers, and carrying out alkali etching processing at the inner skin of a sleeve 3 The silicon (Si) of 
sleeve inner skin is removed by alkali etching processing, and irregularity is formed in sleeve inner skin, 
and moreover, since the mean particle diameter of a silicon (Si) particle is small Can form detailed 
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irregularity precisely, the plane-of-union product of sleeve inner skin and a deposit increases, and much 
more improvement in affinity is possible. There is an anchor effect by irregularity, heat transfer area can 
increase by the increment in a plane-of-union product further, heat can be promptly radiated in the heat 
of the combustion gas added to a deposit, and it is a pile to a lifting about exfoliation of a deposit. 
[0060] Moreover, by making the aluminum alloy which constitutes a sleeve 3 contain silicon (Si) 15 to 
35% of the weight, since there are many silicon (Si) contents and the mean diameter of a silicon (Si) 
particle is small, more detailed irregularity can be formed precisely, the plane-of-union product of sleeve 
inner skin and a deposit increases, and much more improvement in affinity is possible. That is, since 
heat transfer of the heat from a sleeve 3 inner-circumference front face is carried out good through a 
deposit and sleeve 3 body to a cylinder-body side, a hot spot cannot be easily made by it on sleeve 3 
front face, and it can prevent printing by the piston 4. 

[0061] The production process when using a solidification extrusion formation ingredient in the end of 
rapidly solidified powder it has as an example the chemical composition which added 25% of the weight 
of silicon (Si) to the basic chemical entity of JIS2000 system or JIS6000 system in a sleeve base 
material was manufactured according to the process of drawing 4 . 

[0062] The rapidly-solidified-powder end of the aluminum alloy of this JIS2000 system Aluminum 
(aluminum) is used as a base material. In the whole silicon (Si) 15 - 38 % of the weight, Copper (Cu) 1.5 
or less % of the weight for iron (Fe) 1 .5 - 6.8 % of the weight, Manganese (Mn) was made and chromium 
(Cr) was made into less than [ (Zinc Zn) 0.3 % of the weight ] and less than [ (Titanium Ti) 0.2 % of the 
weight ] for magnesium (Mg) 0.1 or less % of the weight 0.2 to 1.2% of the weight 1.8 or less % of the 
weight. 

[0063] The rapidly-solidified-powder end of the aluminum alloy of this JIS6000 system Aluminum 
(aluminum) is used as a base material. In the whole silicon (Si) 15 - 38 % of the weight, Magnesium (Mg) 
0.4 or less % of the weight for copper (Cu) 1.0 or less % of the weight 0.35 - 1.5 or less % of the weight, 
[ iron (Fe) ] Manganese (Mn) was made and chromium (Cr) was made into less than [ (Zinc Zn) 0.25 % of 
the weight ] and less than [ (Titanium Ti) 0.1 5 % of the weight ] 0.35 or less % of the weight 0.8 or less % 
of the weight. 

[0064] The example 1 performed nickel-P-SiC distribution compound plating to this inner surface by 
using a solidification extruded material as a sleeve base material by JIS6000 system in the end of 6061- 
25Si rapidly solidified powder. 

[0065] The example 2 performed nickel-P-SiC distribution compound plating to this inner surface by 
using a solidification extruded material as a sleeve base material by JIS6000 system in the end of 
6061+2 - 4Fe-25Si rapidly solidified powder. 

[0066] The example 3 performed nickel-P-SiC distribution compound plating to this inner surface by 
using a solidification extruded material as a sleeve base material by JIS2000 system in the end of 2017 
or 2024-25Si rapidly solidified powder. 

[0067] In this example, oil consumption reduction is an improvement of cylinder deformation, and it 
noted improving the sleeve adhesion after casting to this. Paying attention to changing into low 
coefficient-of-linear-expansion sleeve material, the usual low coefficient-of-linear-expansion material 
performed selection of a light weight and heat transfer fitness material from the iron system, and was 
taken as aluminum composite at the improvement of sleeve adhesion. 

[0068] The physical properties of this sleeve material and a mechanical property were compared, it was 
shown in a table 1 , and low coefficient-of-linear-expansion aluminum was used as the base material, and 
it is the sleeve which formed hard anodic oxidation coatings in the internal surface, and as shown in a 
table 1, the coefficient of linear expansion alpha of a sleeve base material was reduced as compared 
with the aluminum alloy material of 12Si-3Cu, and cylinder-body ADC12. It cast-wrapped, and the ratio 
with the coefficient of linear expansion of cylinder-body ADC12 which is ** is 0.85, and the bolting 
deformation at the time of the cast of a sleeve has been improved. 
[0069] 
[A table 1] 
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Moreover, as it cast-wraps by annealing of 250 degree-Cx 1 hour which carries out after [ heating ] 
gradual cooling and the interface clearance at the time shows in a table 2, it decreases. The interface 
clearance between a sleeve and a cylinder body was measured by eight places to the circumferencial 
direction of a sleeve. The thing of a boa No4 stops die cooling as abnormalities. 
[0070] 
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If it cast-wraps and the interface clearances at the time decrease in number, as shown in a table 1, the 
Youngs modulus of a liner base material will improve, the roundness of the cylinder after honing and 
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cylindricity will be improved, and the flattery nature of the piston ring and seal nature will be improved. 
[0071] Moreover, if it cast-wrapped and the interface clearances at the time decreased in number, 
equalization and an improvement of heat transfer nature would be made, the improvement of the local 
deformation under operation would be attained, the roundness of the cylinder after honing and 
cylindricity will have been improved, the flattery nature of the piston ring and seal nature will have been 
improved, and the oil consumption will have been improved. 

[0072] In said example 1 thru/or example 3, as shown in drawing 5 , while forming the continuous 
projection 100 parallel to the die-length direction with a height of 0.1 -2mm in the outside surface of a 
sleeve base material by carrying out extrusion in the end of rapidly solidified powder using a 
solidification extrusion formation ingredient, and adjusting this extrusion condition, for example, an 
extrusion rate, temperature, etc., the minute crack 101 with a depth of 10 micrometers - 1mm was 
uniformly distributed over the front face. 

[0073] It is drawing showing the relation between the sleeve surface **** depth, sleeve reinforcement, 
and an interface clearance, and a depth of 10 micrometers - 1mm has large sleeve reinforcement on a 
front face, it can make an interface clearance small, and is the optimal range of ****, and by distributing 
uniformly the minute crack 101 with a depth [ this ] of 10 micrometers - 1mm, drawin g 6 can strengthen 
junction to cast cylinder-body 2a, and can make transfer of heat homogeneity. 

[0074] In said example 1 thru/or example 3, although distributed plating of the nickel system containing 
Lynn and an eutectoid object is performed at high speed and distributed plating of (Nickel nickel)-(Lynn 
P)-silicon carbide (SiC) is performed at high speed, this nickel-P-SiC distribution plating has the 
following properties. 

[0075] When nickel-P-SiC distribution plating is performed to the inner skin of a sleeve 3, the plating 
film 50 which contains the nickel-P matrix 51 and the eutectoid particle 52 of SiC in the inner skin of a 
sleeve 3 is formed. Although the oil pocket 53 which benefits lubrication from a honing eye is formed in 
the front face of this plating film 50, if sliding of the piston 5 by operation is repeated, when remaining 
and wearing the nickel-P matrix 51 out, the new oil pocket 54 will produce the eutectoid particle 52 of 
hard silicon carbide (SiC) further. Therefore, oil lubrication can be made to perform good over a long 
period of time. 

[0076] Moreover, if the relation between temperature and a plating degree of hardness is investigated 
about the above-mentioned nickel-P-SiC distribution plating, nickel-SiC distribution plating, and hard 
chrome plating and especially nickel-P-SiC distribution plating will be heat-treated at about 350 degrees 
C, a degree of hardness will be higher than hard chrome plating, and a degree of hardness will be 
substantially raised compared with nickehSiC distribution plating which does not contain Lynn (P). This 
shows that the degree of hardness after heat treatment is raised by making Lynn contain. 
[0077] In this example, when the adhesion of plating was evaluated by the file trial, the drill perforation 
trial, the heating quenching trial, etc. about what plated to the tabular test piece, it was checked that 
adhesion is improving clearly compared with ingot material. Moreover, maintaining the output engine 
performance, when an internal combustion engine's durability test was performed, the conventional thing 
reduced to 2 by about 1/was checked, and oil consumption did not generate troubles, such as plating 
exfoliation, at all. 
[0078] 

[Effect of the Invention] As explained above, in invention according to claim 1, thermal conductivity, 
workability, and plating nature are not spoiled and coefficient of linear expansion of a sleeve is made to 
a value smaller than the coefficient of linear expansion of a cylinder body. 

[0079] In invention according to claim 2, since the coefficient of linear expansion of a sleeve is smaller 
than the coefficient of linear expansion of a cylinder body, the sleeve bolting force by the solidification 
shrinkage by the side of a cylinder body and the heat shrink after coagulation does not decline, a 
clearance is lost between a sleeve and a cylinder body, heat transfer from a sleeve to a cylinder-body 
side can be good, and can hot-spot-ize, and printing by the piston can be prevented. 
[0080] In invention according to claim 3, the sleeve bolting force by the solidification shrinkage by the 
side of a cylinder body and the heat shrink after coagulation does not decline more by having made 
coefficient of linear expansion of a sleeve into the value smaller at least 10% than the coefficient of 
linear expansion of a cylinder body, and a clearance is further lost between a sleeve and a cylinder body. 
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[0081] By invention according to claim 4, by making the aluminium alloy which constitutes a sleeve 
contain silicon (Si) 15 to 38% of the weight, coefficient of linear expansion of a sleeve can be made 
small, and, moreover, thermal conductivity, workability, and plating nature are not spoiled. 
[0082] By invention according to claim 5, by using silicon (Si) as the primary phase silicon (Si) whose 
mean diameter is 2-10 micrometers, coefficient of linear expansion of a sleeve can be made smaller, 
and, moreover, thermal conductivity, workability, and plating nature are not spoiled. 

[0083] By invention according to claim 6, by carrying out condensation solidification and forming the end 
of an aluminum alloy powder whose mean particle diameter is 20-100 micrometers about a sleeve, 
coefficient of linear expansion of a sleeve can be made smaller, and, moreover, thermal conductivity, 
workability, and plating nature are not spoiled. 

[0084] In addition to claim 2 thru/or claim 6, by making coefficient of linear expansion of a piston larger 
than the coefficient of linear expansion of a sleeve, the cylindricity of sleeve inner circumference and 
roundness can be maintained, the isolation nature of the combustion chamber and crank case by the 
piston ring can improve, and buildup of oil consumption, the fuel consumption aggravation by the blow by 
of combustion gas, and oil degradation can be prevented by invention according to claim 7. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] A sleeve is the sectional view of the water cooling type four-cycle internal combustion 
engine of dry construction. 

[Drawing 2] It is the sectional view which meets the II — II line of drawing 1 . 

[Drawing 3 ] A sleeve is the sectional view of the water cooling type four-cycle internal combustion 
engine of wet structure. 

[ Drawin g 4] It is drawing showing the production process of the cylinder block for internal combustion 
engines. 

[Drawing 5] It is drawing showing the condition of the outside surface of a sleeve base material. 
[Drawing 6] It is drawing showing the relation between the sleeve surface **** depth, sleeve 
reinforcement, and an interface clearance. 
[Description of Notations] 

1 Water Cooling Type Four-Cycle Internal Combustion Engine 

2 Cylinder Block for Internal Combustion Engines 
2a Cylinder body 

3 Sleeve 

4 Piston 
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if2v^<?)i,tommMizmmzti. */cxy-^ii;ixt 

[0 0 2 6] m 1 li7K^4^^<7;H^^i|0)|&T® 
[0 0 2 7] CCDrt^^CD-«<t LT, Hl^i;ill2 

y -^i£x!ctg3ic7)7K;^^ 4 i )\,tommM £ ^ 
[0028] ^cD4-^>r^;ux>i;>i it^j4^; 

>^^P^^2li. V l J>^2a«l:X'J-^3^b 
«J*£*U CCDX'J — ^3lct°X h>4tf&HKjnjffi|:: 
^ItbtlTl^^o CCDt°X h>4C0ttffil!)T-=i>P^ K 
5 ^^Lr^^>^S7lziSM*tL/cgl^L>Efl^^^> 

K6A<iSlf^tl. 7H;Uh8(Zcfcy v'J>^D7^ 2IC 

$iS^^$tirt>^>o t°xh>4ic(* % exh>y>^ 
4 brt<iSi+£>;h,Tl>£ 0 vy >^r^^ K6izii^s^ k* 

s\—8 0^1SltP>tlTl>^>o 
[002 9] v'J >^^P^^2CDXy-^3, t°XK 
>4<Daig|54 a «!: s v'J>^^K6(!:t«il 2^ 
Jfc/S$*lTl>£ 0 v'J K6|Z(i^^1 2 icKs 

t;d:5ic«i^^^^8 6^y^itbtiri>^ 0 
[0 0 3 0] *fc. v'J isV^v KeiciiqamiiKi 3 
<tf^maKi 4^/$$ti. q&fU§&§i 3lzli*^®m 
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[ o o 3 1 ] gaaifiK i 3 (DM&m i 2 icffitBSPSPl* 

a#1 90^^7h3O, 3 1 iZits 2)Ate3 2, 3 3 
<D*lA32a. 3 3a^$LTfcU, *A»3 2, 3 
3(&051!eI-c*:o-C2iA3 2a. 33 aA^^7 h 3 O, 
3 1 £:frLTiR£i#l 8&tf&StfM 9£#K)U Cft 
l-<fcyiRSUI8&i 3<h#$U§&i 4JHSt^ 0 

[003 2] y 'J >y 2 0 v 'J 2 a I: 10 

ltfc*J*frv h2 OtfBf&Ztt. CKDTKv-V^r^ h 2 o 
fC&ILTvy >^*;/ K6lZ7kv^-V^^ K2 1 *<ff2J$ 
£*lTl^ 0 CCDTKv-V^T^ h 2 0. 2 1 (D^SPtKIcJ: 

[0033] H3rcx"j-^*<aa«Mfto>**ft4-9--r 

2 0<DTttl;:tt\ S/'J>y*#2ai:XiJ-?3i:(DII!| 20 
ICO »J 8 5 £»ltT *>-JHTl^o 
[0 0 3 4] afcic* Mtt4Mffi^>y >^n^9 0)Sift 

icointi^?- « Q ea4i*rt««BfflS/y>y^p^^ 

[0 0 3 5] aL»»H»**t»£^fiS:L (X^r^S 
1) . CCDft^aHtasRtr^^^BBW^E^UXLTX 
y-^tt (t*U7h) **»L «f^8 2) > M 

aiu ^y— ^*ffi*»»*^jaL. 

:7s 4) 0 axizftcriftAau ccaxy — 30 

»*t£«JK ■ *DIL (Xf7^S5) , Xy — Z?3&i& 
«t4. C0)Xy— :?3 Sv'J >y*i*2 a ClglS^ 

S9) o 

[0 0 3 6] X-r-^^S 1 IZi3lt««LJft»H»3R»» 

^J^i#t;u^ - (ad (7)S«iz*fLr->y n 

>(Si),«(Fe) Rlf*<D«hO>fiL#£'gmZlttz 

oo°cia±r^«Lr^b. »«icik*Lr*aajti 40 
oo°c/ s e cia±r^Sfeic;t^Lr^s$i±€>c<t 

[00 3 7] X'J-?**f h) *»fiR^«fc«) 

a>T;U5=-5A^*»5R*r»t urr*. tOgy 
y a ><D^l£jift&;b< 2-10/i mJslT-efc* y a > 

(si) £ i 5-3 8M%a>Kffl-e^t?«fc3&7;u5 

[0 0 3 8] ZO^ 5 s 
*iLT* 7^5z^A (A I) JSttirl, 50 



(Si) $15-3 8if%. » (Fe) 
*1. 5S*%JaT. 33 (Cu) £6. 8fifi%J*TF. 

(Me) £0. 2-211%, T>*T> 
(Mn) $1. 5Si%IUT. <7DA (Cr) £0. 4 
fifi%lUT\ Sffi (Zn) $0. 3lf%WT06it 

[0 0 3 9] CCD«fe3tt J I S|Z»IS<D2 0 0 OS^fc 
SIM4 6 0 0 0(D7JI,= Z0^JK-XI;S 
S$igJjQ$t»-T 1 5-3 8l^(l:Lfc7J^-^^ 
*0ft»M»*a**tt#l::&liT. S/»Ja> (S 

a (Fe) i* % lt 20 

(Cu) Rl/Tjf**/^ (Mg) I3\ 2 0 0°ClilT-e 

[0040] mtt^^UTji^-^^&cDM^mm 

A***««ic«k* L T«L»»H * -tt « C £ led: y »3fi 

2 0-1 00//mittfty, j e<7)4'fC#^^Tl^i> 
'Ja>(Si)lfc »ttLooIif§7J^-W 
**<»*Bffl|«4ifcaHJSii-fcHJt(o4o**>yai/ (s 
i) *<*Fi$fiMi*<2~ 1 0 iimt**cfc3lcflsa<b**i 

[004 1 ] 2Clj3l*T. -**«LM4«» 

»»H»*ttSiito. i7-ft#L^)0^7>vt-$ 
BBlfcP^&S!rtlc#AU l^*ft^7>yt-tlt 

-f 6. »*E^UX^SjJfi$*i % &ft;SHf»£4m*<B 

[0 0 4 2] X^^^S3|C^^X. *B*>S*lfcft>* 
[0043] Xt^vT/S 4lCfcl^T* »LfflLSlcB» 

«*<4RS*ftTfln»**u » LttLS!a)p*ajA>&*ffi 

-CDX^r^^S 4ICfclNT. IfLttlL ■ )*aJ^C0Xy — 
^<*»ffi*»*tO)BllS* P^^Ox^U^lJg (HRB) 4 0 
tt±t ft* J: 5 ICXB±0)/<7 ^ £ igg^^c 
[0 0 4 4] Xf7?S 5|Zfcl>T, X'J-^iftgJ 

y— ^»A$ti«. 

[004 5] Xf'^S 6ic*j(t4xy— ^3 0)*>y > 

y*<*2 a^cogia^(4. xy — ^3 $fitat; % >y >^ 
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13. ^07il/ ^ - O SET'S < zt\z 

[0 0 4 6] XU-^(DSia^.«riCX'J-^S®(ClH] 

(ddogi*. v 3 h:75>x hJattictffe0>m£aaxfc& 

^lcft^.T. {£I$£i¥E£SH^TX U— ^<h^«<t 

[0047] 3CT->3^h^7Xhi:l^ SSA^O 
-1 5 0//m(DS3i*. gGifcf— X, Xf>l/X|S, E 

**<*wn»»*. mmr?* »j^i^4o-80m/ 20 

[0 0 4 8] Xf7?S 7|rj3L^Tj*ift*<*lfi**L*. 
CCD&$&{£<7)Xy — :?3<DSlJg£D^OxMIjg (H 
RB) 4 0WJ:4:<j:ft < l:5lc|ftfli«jftfrtliS-r4.- 

[0 0 4 9] X^yT^S 8!Cfclf^)^ ^JUSI*, X 'J 

^*t?fcy % s^wicii. mmwkm. t>\> 
Sit, T^m<DT)^^ hfcmt* m£*v*rmm<n 

£0 30 
[0050] f Ltia±(D^7^I Uf7^S8) 
CD^L 7fr—-ls7 (Xf 7^S9) T?xy — :?P*3^®(D 
* * ->^tt±lf £SfiU >;/*J£J!l(DJl^ 
£M£L<^;J:fa5 0 jt/m, «&l:J;oTI*2 0jym-1 
0 0jum<t-r<S<!:<til^ ^ *V*Jf GD®ffi££ 1 . 0u 

Tt&AMC-TiCt^^r fc°X h>4&tft:X h>U> 
^ 4 b (DaMftttMRff ft £ /jx * < -r 5 C t tfX-Z z> t 

Z-e&^ttfT'Z&o Kti. R z tliJ I 40 
6 0 1 CJftbtlfctOT^^o 
[005l]«t*fl)Xij-^ift!:it ;§§gffL{i5L*t 

y-f *x ha^ic^or»jxt;i^[c. mmm^m^i> 

^Slcfct>r. XU-^SWiT^S-^Afil^raic 
WflM^C. CO)fctolc^xglzteitSrtgWBiJft]X^ 



[0 0 5 2] ZO&oiZis*) 13 > (Si) ^*rfi£ 1 5 
-3 8lf%t Lfc7;i, i - ^ A^Sfelt'X 'J - ^ 3 

* «jiEft c <fca<x y r;u= i±mm<Dmiz 

mmiztb-DzmzMf&L&otLTt. wm&tfm 

[0 0 5 3] uO)fcftX'J- 3 2 0- 1 

OO// mCDT^U 5 - A*ft|»3S*3i*I|<b LT»*-r 
l»Ci:T\ :0v'J =a> (S i ) Jf^gM2- 1 0 
i/m(DtDlvU3> (S i ) t LTl^ e 3ztz. X'J — 
^3 ^^/^-r^TJUS-^A^^[zli s BtrfBLfc<fc5lc 
vU zi> (S i ) £ 1 5-3 8Sg%^W*"fr. XU- 
:?3(7)$j|jj^H&ft£ 1 5-2 2 (2 0 0°CICT) «h U 
•>y>y**2aO)«»K«»«fcy/J\$< J 
I S^VrtX hffi7^5-»)A&*ADC 1 2 (DISKS! 
i»2 0 (2 0 0°CfZT) t) U X'J-?3(DlWa 
ff»* •> 'J 2 a 0)|IKaftB J: ij '>ft < i t 1 

0%/h3F*ffl|cLTC>^c 

[0 0 5 4] L^ot, 7iU5-^A^#8fl)X'J- 
?3£. r;U5-^A^&8|ag<7)i/y >y*(*2 alcfil 
fit**. X»J— Z?3(DftmiZisiJ >?*&2 afflljGDjg 
xy-^3A<iDj!»$tlT!»flg5i-r^- 

oTXy-^3 t»3p**lT»tMl>L. v'J>«»2 
afflco»*l;J: % »ffl»H-r*i:*i|R||8L. 
«T-T«lc^o-Cl»i|Rllfi-r-6A<. i/'Ja> (Si) S1 

'J >y*(*2 a<D|gB5*«»<fcy^ft< <ht 1 0%/]x£ 

ttttx?*y. f>y >^*{*2 aMaxBJDiiB&tfxntt 
a>«»4R»iCc*:*xy— -?«to#itij^ttfo**i-r. xy 

-^3d:y'J>«(*2 a <h ©MfcWM^* C^l>c 

[0 0 5 5] Xy-^3|«(Z. T^US^^A^ 

(zvy=i> (s i) $AD7Lfc^«Efie«4iOflL«»Blt» 

*Hfc»LUL^fiR»»*ffl^T»tb*pxiz<ky^ja 

-r^^^lC^oT*^^. O. 1-2mmOSJ 

flT^#. xy-^f=ftjxL/=**njB*ffiicsgfi. 
tM*av«/]x^ ^ ^ ^ £ gi-r * 5 rc-r « c <t t% > y > 

[0056] 5HEttttlCfeL^rtxy-^3(D3B 
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0 0°C-3 0 0°CHj£) , y'j3> (Si) ^15-3 

8 xy-:73<DttB»««*->y>y 
fey. xy-?tttotti+:*jA<li»S*u xg-?3ti/ 

«J>y*«:2ai:a>|MI-Cl»(IBA<iB*E-r4ct*<a< % X 

y-?WBo>pm«* KR«*<ft»**u xy-?3* 
&i/u>y*(*«^a>i»eii*<fi»^7h^ hx#y Mb 

U bfx h>4i0)tt#f*#SI»±-r-BCi:3&<-C*-6 o 
to 0 5 7] tt£*Sg7tt (tt2ttS) . BrSO) 10 

>*v*JJSU *-->ytt±lf* LTX'J- :?3rtjg 
£>Ri^g. J£RffiJ±lfT, v'J >y^P 2lz$9 
>9N*£xh:/«*«*ttl*. £blzvy>#^K 
6 Jt^u h 8 (Ccfc yMttLTMMM £ iti^at^ 
7lf:^ WJR«BSate-r4i:. X'J-:?3*<jgJK3fi 
U C0>**>'J>4f^^ K6*<7frUhfMg$;|i«xy — 

±*<y, j»«aic«a-r&-^ xy-:?*uaa)7toi,h 

Sta1±l*>J*$l>A<, v'J=3> (Si) S15-35H 20 
96#*StJ\ xy — 3f3<Diai»3S«»$i>U>5r*(*2 
a<DfSffiffi&»J:y'>fc< it 1 0%^*ftfi|t?fty s 

x y — ? 3 a<jrw»*<'J** < rx 'j-^(dh©js, 

XP3ffirt<«M#S*U t e Ah>U>^4bl:J:^Mil 
[0058] *fc % xy— "^3 i y'J >2**<*2 a <tCO 

> ^^muBa^fe-sr^u* yx-/^>^fxg(zfet> 

T\ v'Ja> (S i ) tt&ft<2~1 O jimfc+#/ha?l* 

[0 0 5 9] C0)cfc3f=*WCtt, X'J-^3j«lt 
^>7J^-^A^l:v'J=i> (S i) J#*r£t!-, Z 
COv'Ja> (Si) J*F*S3a&tf2-1 O/imCOtDAi/ 

•J3> (si) xy— -J3 0)\ftmm^T)i,± y x 

(s i ) «<7;i/«yx^^>{faa-eiK£$tir. xy 40 
— ^W«HlzOfli!bA«»*S*i, L3^45/ya> (S i) 

»^f±o)«*:y-)ia)fii±A<prteTf. Mdbi^&r^*- 
U y ^*Bfcjin*&+Lft««**x<D»*iS^ANiztti» 

[00 6O] xy-^3S«SM-*TJUS-^A 
^£fc, y«j3> (Si) $15-3 5H<^ttJ^ 

y'Ja> (Si) ^*fl*<£<, AOv'Ja 50 



> (si) tt^<D¥J$ttsi*/h*ivz>-e. cfcyaaa^Qfl 

■rttfr*. xy— 73nn«iB]^&a)ntt. 
x'j-73**s«t, ->y>y*i*«^A»fc»ea 

Sft^OTr, Xy— ^3S®lC7h»V hX/K'V hA<T?^(C 

<<, ex h>4t(D*#ft**i»ih"r*ctA<-c# 
[006 1 ] mmmt int xy— jis 

2 0 0 0 RSfcli J I S 6 o o o 2 
5li%0)y'j3> (Si) ^^^fr^M^tog 

HJ. H4<DXSl::cfco-CJij6Lfco 

[0062] COJ IS20 0 010)7^5-^^ 
CDm;^@ft^li. 'fA (A I) L. 

y'j3> (Si) S15-3 811%, ft 

(Fe) *1. 511%WT, (Cu) f1. 5- 
6. 811%, 7^y^ (Mg) t1. 8MS%ia 
T. -?>tf> (Mn) ^O. 2-1. 211%, ^7D0x 

(Cr) JO. 1 M%fcTF. ®& v ( Z n ) 0 . 3 If 
%i^LT. (T i ) O. 2mmL%VLTt Ltz 0 

[0063] ZCDJ I S6 0 0OS(D7;i/5-OA^ 

<Z)Sl»»H»3Ri*. 7;ua=-^A (a i) SMtL, 

^i*43fC y'Ja> (Si) J 1 5-3811%, I* 
(Fe) *1. 0MM%JaT. (Cu) $0. 411 

%JMT. ^^^V^A (Mg) JO. 3 5-1. 511 

%IUT, ^>^T> (Mn) JO. 8I1%^T, 
(Cr) JO. 35MS%iaT. ffif n v (Zn) 0. 25 

I1%WT, (Ti) o. 1 5m!%£TF<hL 

tZo 

[0064] 1 |£, J IS6000 l^r* 606 1 

- 2 5 S i ft^»BI»5Rllfc» ua L« jx y 
£ LT, CCDflSfZN i-P-Si C#!MI£y ^^rj 

[ 0 O 6 5 ] 2 (i, J I S 6 0 0 O ^t? 6 0 6 1 

+2~4Fe-25S i t^gB»3fcSfb» Lffi L» J 
XU-?a«tLt, CttflffilCN i -P-S i C^tfe 

[ O O 6 6 ] 3 li, J I S 2 0 O O J^tV 2 0 17 

*f;li2 0 24-2 5S i 3BL*»H»*ffl{b» Ltll L» 

Jxy— zf&tttLx* z<DPim\zN \ -p-s i c^ 
[oo6 7] zoimmmxit. t^^muxa^'j 

*#-r^ci:(c*g Lfco xy-^s*<D3iSicii, « 

[0 0 6 8] c<Dxy-?»a>fttt, ^«MttMJit^ 
LTailc^L, ISMM7J^-'!7AJItti: 
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u i*i&Mzmn&.m&MrfLLtzx')— ^r-fcy, si 

J: ?CX U - ^ittoSISISa ? 1 2 S i - 
SCufflT^s-OA^fl. v'J >«ftADC 1 2 



[0 0 6 9] 

[in 





6061+25Si 


12SI-3CU 


Air 12 








Tl 


TO 


Tl/ 

Cast/A* 


T6/ 

Cast/AH 




T6 


T8/ 

Cast/A* 


i 








! 26.8 


2.84 


to 08 

filled 










16.8 








21.4 




20 




W/nK 


135 


142 








184 








«C 








- 




— 


84 


(77) 




StQOOHr. 




Hpa 


253 








(108) 


(402) 




— 


K7J1501C 


Mpa 


245 














— 


RT 


Hpa 


330 






237 


288 


(441) 




- 


150t 




321 














— 




% 








1.8 


13 


(2) 






<$ffl50^C 


% 


3.3 


0.7 














mm™ 


Mpa 












74 
(86) 


38 






ERB 


40(20-53) 


78(46-88) 




30 




(173) 






Hv 


72-102 


130-148 
















Hpa 


















150 X 


Hpa 
























o 


O 






mm 
























o 


O 


O 


O 


o 


O 


O 






mm 
$m 


o 


O 


O 


O 


o 


O 


o 






mum 


▲ 


O 


O 


O I 


▲ 


O 


o 






w 






O 


o 






o 





a^o>»®i»m^«2ic3F-rcfc5ica^-r4o xy- 30 



[O O 7 o] 
t«2] 



ia*4 

No. 


tm 












No. 








® 




® 




® 


mmm 






«i 




















0 






82 


5miD 


















0 






S3 


















0 






84 




















0 




6061+25Si 
as Cast 


81 




















1 0 


1 


82 


40©m 


















0 




#3 


















0 






94 




















0 






#1 




















0 . 






S2 


70unn 












10 






10 






#3 


















0 i 






84 














50 






50 






81 




















0 






82 


5 nun 


















0 






93 


















0 






84 




















0 




6061+25S1 
25(T€xlhr 


SI 




















0 


2 


82 


4 Oram 


















0 




#3 


















0 






04 




















0 






#1 




















0 






82 














30 






30 






#3 














50 






50 






84 














80 




50 


80 
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[oo7i] Ba^K(D*ffiBara^a'>-r*i:. 

[0 0 7 2] «rlB*lft«17!lS*Jfi«3lCi3^T, ftA 

©ttainxftfk «*.tf»U*flL SSHSHB-rsc 10 

IZ, jg£0. 1 -2mm<Dfi$^rSjlC3FfT^ja«JLfc^ 
jgl 0 0^^-T4i:*fC. &m\Z%i£ 1 O/im-lm 
mttflS/J^^ 1 O 1 ^:—m\z^tSittz 0 

[0073] B6i«u- txy—^ai 
satf*ffiiisiffl(DiHffs^-rEi-e*y. ssizs* 1 o 

O /im~ 1 mmOHM?'^ 1 O 1 £— 

Sdfcr, «tt<Dvy>y*{*2 a£<D»*£3£Bf- 20 

[0074] ffj|HHJSeij1^S||Jfe«3IZfcL>r. »J> 

tx. zl^^tju (N i ) -y> (P) —>y a 
h (S i C) <D»»> ^+*»at?f75tO)T-fc43&<. 

[0 0 7 5] X'J- Zl3 0)tofSmiZN i -P-S « C# 
?4r£lfcL*:Jft*l=« X U-:?3(7)F**jg®[^ N i 
-P7h'J'Vi?^5lMS i C©ft«lt^5 2Stt 30 

I** flftCDfcttlZTh— = >^ g n^*r*;/ h 

«»A<«yiBS*i4i:. aEL^>U3>*— /W h (S i 
C) a>^«f«i^5 2l*aoTN i-P7h'j7^X51 

£4: 1:: J: y % afffctt;f-<nu7ft*-? h5 4^4 

[0 0 7 6] iUS&jt y*ffi£<h<Z>Hfll£ % ±15 

(DN i -P-S i C#gfe> N i — S i CftWt* 40 

/\— K£ oa> ^^ilcoL^rW-^St. N i 

-P-S i C#»> <h<l:3 5 0°CglttM 

a-rttii. A-K^PA>»v*j:ytsjiA<B<, y> 

(P) £^£&1>N i -S i C#»> y*«>:Jt'<<&<h® 

[oo7 7] comsw-ci** «*K*«-i3>^**ifi 



2(Z«a-r*C<t^5ig$tl. >«^+ilUS^(Dh7^U 
[0 0 7 8] 

»<fcy'h£fc{iilc-e££ 0 
[0 0 7 9] Bf*«2IZ|EK(0aiB^rM*, X'J-^(D^ 

t y > ^*(* t (omvffimtfu < & y . * 

[0 0 8O] I»*]S3IZfBtta)*B^T*f±. xy-3fa>s 

y >?*(*<D«u*;ittft«*: y ^(iti 

O %/Jx £ grille LfcCit*, v'J >y*{*«a>»HiftliS 

&.tf&mm<Dmtiimz& sx y — rnsawti+Atfj: y <s 

n^M(i*<tt<ttft. 
[oo8i] tt#«4iciE«<D«w-ete, 

§lt^)7J^-OA^l:, v «J n > (si) ?15~ 

[0 0 8 2] Ii^^5IClES<D^8jT*li, 'J 3 > (S 
i) ^W2-1 0/imMSv , j3> (Si) 

t-f £z<tT*,. xy--?o)«»3i««*cfey/hS<-e 

[0 0 8 3] »**6IZJE«Ea)*?BT?(*. X'J-^¥ 
^ttftA< 2 0 - 1 0 0 u mCDT;U ^ 

y/h$<-r«c&ab<-e«. L^t«e»tt % *axtt. > 

[0 0 8 4] HI**7lzEtta)*B8rM*. sf*a2 7iM 

W^^eizAp^. b°x h>a>»K«M$x>j-?a)8 

[01] xy-^<KSC»IJSa)*5fra4-y--<^;urtlB« 
IB2] Bi<DII-llf8lc;ft5WffflB|-efc«o 

[0 3] xy-^3&<aa«j»a>*jfta4-»-f 



( 9 ) 



*$IP12002-174140 



. [04] rt&tgUfflv'J^^D-v^rogitXg^jr-r 



1 TlOftSe 4-9-1- 5>JH*&&§1 

2 a ->U>y*«: 

3 *'J — Zf 

4 tfX h> 



[01 ] 



[12] 



[13] 





,t * 



( 10 ) ^^2002-174140 



[06] 




(mm) 



(mm) 



(51) Int. CI . 7 M»IIB« 
B 2 2 F 7/08 
C2 2C 1/02 5 0 3 

21/02 
F0 2F 1/08 
1/16 

(72) *W* Jft* Sjg 

f*HiSSBam©rM2500#ife ^7/\» 

mm mmm m$r Jt25oo§*fe -v -7 / \nnm 



F I f-73-r (##) 

B 2 2 F 7/08 D 

C 2 2 C 1/02 5 0 3 J 
21/02 

F 0 2 F 1/08 A 

1/16 A 

F £ — A (#%) 3G024 AA02 AA04 AA06 AA09 . AA1 1 
AA14 AA15 AA18 AA26 AA27 
AA28 AA36 AA37 AA45 AA72 
30 BA20 CA05 DA01 DA03 DA04 

DA10 DA12 DA18 FA03 FA08 
GA02 GA12 GA17 GA18 GA21 
GA27 HA07 
4K018 AA16 BB06 CA23 HA03 KA08 



